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ABSTRACT — The occurrence and development of prolactin (PRL) and growth hormone (GH) cells 
were investigated in the Japanese eel by means of an immunocytochemical method. Both PRL and GH 
cells were detected in the pituitary in all the specimens of the leptocephali, even in the smallest (10.0 
mm in total length). In the leptocephalus, the mean percentage of PRL-cell area to the whole pituitary 
area (% PRL) was 6.5+ 1.2%, the % GH being 15.5 + 2.0%. Both % PRL and % GH exhibited a 
tendency to decrease as leptocephali grew larger. In the glass eel, caught just before upstream 
migration, the % PRL was 12.6 + 0.5%, almost twice as much as that in the leptocephalus, whereas the 
% GH was 16.7 + 1.3%, similar to the value in the leptocephalus. The activation of PRL cells in the 
glass eel suggests that PRL has an osmoregulatory role in freshwater adaptation during the upstream 
migration. Our findings also suggest that GH is important for larval growth and, possibly, osmoregula- 
tion in seawater during their early life stages. 


INTRODUCTION 

Prolactin (RPL) is well known as an important 
hormone for freshwater adaptation in many eury- 
haline species [1, 2]. Activation of PRL cells or 
increase in plasma PRL has been observed after 
transfer from seawater to fresh water. On the 
other hand, there is a large body of evidence that 
growth hormone (GH) is involved in seawater 
adaptation especially in salmonids. Increase in 
plasma GH after transfer from fresh water to 
seawater has been reported in several salmonid 
species [3-9]. 

The eels belong to the catadromous fishes; they 
experience both seawater and fresh water during 
their life-long migration. Ecological studies have 
shown that they spawn eggs offshore and leaf- 
shaped larvae (leptocephali) drift in the current 
toward the coasts. After metamorphosis, juveniles 
(glass eels) migrate upstream and stay in the river 
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or the lake for 5-10 years; they grow in fresh water 
and return to the ocean for spawning. However, 
early developmental stages of the Japanese eel, 
Anguilla japonica , have hardly been studied, be- 
cause of very limited availability of eggs and 
leptocephali. Furthermore, the spawning area of 
the Japanese eel had been unknown until quite 
recently. 

In June-Jyly 1991, the expedition of the Haku- 
ho-Maru, a research vessel of the Ocean Research 
Institute, University of Tokyo, succeeded in sam- 
pling more than 900 pre-leptocephali and lep- 
tocephali, and determined the spawning area of 
the Japanese eel to be in the North Equatorial 
Current west of the Mariana Islands [10]. The 
pre-leptocephali and leptocephali captured ranged 
from 7.9 to 34.2 mm in total length, much smaller 
and thus younger than those that had ever been 
collected. 

In order to clarify the development of 
osmoregulatory mechanism during the migration 
of the Japanese eel, we examined the occurrence 
and development of both PRL and GH cells by 
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means of immunocytochemistry, using valuable 
samples of the preleptocephali and leptocephali, 
together with glass eels just before upsteam migra- 
tion to the river as well as sexually immature, 
cultured eels. This is the first report on the 
identification of PRL and GH cells during the early 
developmental stages of the Japanese eel. 

MATERIALS AND METHODS 

Pre-leptocephali and leptocephali of the 
Japanese eel (10.0-30.0 mm in total length), esti- 
mated to be 12-48 days old, were collected in the 
area west of Mariana Islands (salinity: 34.5%o) in 
June-July 1991 [10]. In the present paper, the 
term leptocephalus designates both pre- 
leptocephalus and leptocephalus for convenience. 
Glass eels of the same species (55-60 mm) were 
caught on the coast of Taiwan (salinity: 30 %c) in 
November 1991. Sexually immature, cultured 
eels, weighing about 200 g, were obtained from a 
commercial dealer in Tokyo. 

Head portions of leptocephali and glass eels and 
pituitaries of cultured eels were fixed for 24 h in 
Bouin’s solution and preserved in 70% ethanol. 
Later, they were embedded in paraplast, and 
sagittal sections were cut serially at 4 jum thick- 
ness. To identify PRL and GH cells in the 
pituitary, the sections were stained immunocy- 
tochemically according to the ABC method [11] 
using commercial reagents (Vectastain ABC Kit, 
Vector Laboratories). Briefly, the sections were 
sequentially incubated with (1) 0.6% hydrogen 
peroxide (H 2 O 2 ) for 30 min to inactivate endoge- 
nous peroxidase activity, (2) 2% normal goat 
serum for 30 min to reduce non-specific binding, 
(3) the specific antisera against eel PRL [12] and 
eel GH [13], overnight at 4°C, (4) biotinylated 
anti-rabbit IgG for 30 min, (5) avidin-biotin- 
peroxidase complex (ABC) for 1 h, and (6) 0.02% 
3,3 / -diaminobenzidine tetrahydrochloride contain- 
ing 0.005% H 2 0 2 for 4-5 min. 

To determine the optimal dilution of the anti- 
sera, preliminary experiments were conducted, 
where the pituitary of the cultured eel was im- 
munocytochcmically stained with serial dilutions 
of the antisera against PRL and GH. The best 
staining was obtained at a dilution of 1 : 16000 in 


both PRL and GH cells. In the case of PRL cells, 
however, a lower dilution of 1:8000 was also 
employed, since the RPL cells in the leptocephalus 
were stained rather faintly at the dilution of 1 : 
16000. The specificity of the immunoreaction was 
confirmed by preabsorbing the antisera with re- 
spective antigens. 

For the quantitative analysis, percentages of 
PRL- and GH-cell areas to the whole pituitary 
area (% PRL and % GH) were estimated as 
follows: Serial sections at intervals of 16-20 jum in 
leptocephali and glass eels and about 100 ju m in 
cultured eels were immunocytochemically stained 
with either anti-PRL or anti-GH sera. The areas 
of PRL and GH cells and the whole pituitary were 
measured on microphotographs with a tablet digi- 
tizer. The % PRL and % GH were calculated as 
percentages of the total PRL- and GH-cell areas, 
respectively, to the total pituitary area. Significant 
differences were determined by Student’s Mest or 
Cochran-Cox test after F-test comparison of 
variance. 

RESULTS 

In the leptocephalus, the pituitary appeared as a 
cell cluster or mass, located beneath the hypotha- 
lamus, and was barely distinguishable as a defini- 
tive organ (Fig. 1A, B). Both PRL and GH cells 
were detectable in all specimens of leptocephali 
(10.0-30.0 mm) by immunocytochemistry. Com- 
pared with the cultured eel, however, PRL cells 
were faintly stained, while GH cells were similarly 
stained. PRL cells occurred in the rostral pars 
distalis in the pituitary (Fig. 1A), separated from 
the location of GH cells in the proximal pars 
distalis (Fig. IB). The mid-sagittal section con- 
tained less than 5 PRL cells and 10-20 GH cells. 
The PRL cells did not form follicular structures, as 
typically seen in the adult form of the eel pituitary. 
The mean value of the % PRL was 6. 5 ±1.2%, 
while the % GH was 15.5 + 2.0%, 2.4 times higher 
than the % PRL (Table 1). Both % PRL and % 
GH exhibited a tendency to decrease as lep- 
tocephali grew larger (Fig. 2). 

The pituitary of the glass eel was morphological- 
ly more comparable to that of the cultured eel than 
that of the leptocephalus (Fig. 1C, D). The pituit- 
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Fig 1. Mid-sagittal sections of the pituitaries in leptocephalus (A, B; 19.7 mm in total length), glass eel (C, D) and 
cultured eel (E, F) of the Japanese eel, stained with anti-eel PRL (A, C, E) and anti-eel GH (B, D, F). HT, 
hypothalamus; III, third ventricle. Anterior to the left. A and B, X347; C and D, X126; E and F, X53. 


ary in this stage appeared pendent from the 
hypothalamus, whereas that of the leptocephalus 
was embedded partly in the hypothalamus. The 
midsagittal section contained about 30 PRL cells, 
gathering at the ventral edge of the rostral pars 
distalis, without forming follicular structures (Fig. 
1C). The intensity of immunoreaction in PRL cells 
were still weaker than that of the cultured eel. 
About 40 GH cells cultured in the ventral part of 
the proximal part distalis (Fig. ID). The % PRL 
was 12.6 + 0.5%, significantly higher than that in 


the leptocephalus, whereas the % GH (16.7 + 
1.3%) was similar to that in the leptocephalus 
(Table 1). 

In cultured eels, PRL cells were located at the 
antero-ventral edge of the rostral pars distalis, 
mostly forming follicles (Fig. IE), whereas GH 
cells occupied a large part of the proximal pars 
distalis (Fig. IF). The % PRL in cultured eels 
(11.8 + 1.7%) was comparable to that of glass eels. 
In contrast, the % GH was significantly increased 
to 23.7 + 1.8%. 
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Table 1 Percentages of RPL-cell area (% PRL) 
and GH-cell area (% GH) to the whole pituitary 
area in different developmental stages of the 
Japanese eel 


Percentage 

of 

cell area 

Developmental stage 

Leptocephalus Glass eel Cultured eel 

% PRL 

6.5 ± 1.2 (6) 12.6 + 0.5 (6)**11.8± 1.7 (6)* 

% GH 

15.5 + 2.0 (5) 16.7+1.3 (6) 23.7+ 1.8 (6)* f 


Values represent means + S.E. (n). 

*, **, and \ significantly different from the values of 
leptocephali (*P<0.05, **P<0.001) and glass eels 
( + P<0.05). 
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Fig. 2. Relationships between percentages of PRL- and 
GH-cell areas (% PRL, •; % GH, O) and body 
length in leptocephali of the Japanese eel. 


DISCUSSION 

In the present study, vve examined for the first 
time the occurrence and development of PRL and 
GH cells in the Japanese eel, using leptocephali as 
well as glass eels and sexually immature, cultured 
eels. This study was made possible by the success 
of collecting a large number of leptocephali and 
consequent discovery of the spawaning area of the 
Japanese eel by the expedition of the research 
vessel Hakuho-Maru [10]. 

Both PRL and GH cells were detectable in all 
the leptocephali examined, even in the smallest 
specimen (10.0 mm) which was estimated to be 12 
days after hatching. Considering the growth- 
promoting action of GH, it is not surprising that 
GH cells are present in this early developmental 
stage. It is of particular interest, however, that 
PRL cells also exist in the stage of the eel living 


offshore, since PRL is supporsed to be the most 
important hormone for freshwater adaptation in 
euryhaline teleosts [1, 2]. The occurrence of PRL 
cells in the early stages of the life has reported in a 
marine fish, black sea bream ( Acanthopagrus 
schlegeli ) [14] as well as coho salmon ( Oncorhyn - 
chus kisutch) [15] and rainbow trout ( O . my kiss) 
[16]. Our finding and others suggest that PRL is 
involved in some other functions than freshwater 
adaptation, such as larval growth; in fact it is 
generally accepted in amphibian that PRL is in- 
volved in larval growth [17]. 

Both % PRL and % GH similarly decreased as 
leptocephali became larger (Fig. 2), implying that 
PRL and GH cells develop earlier than other cell 
types in the pityuitary. PRL cells were more 
faintly stained than those in cultured eels. 
Although the intensity of immunocytochemical 
reaction does not necessarily reflect the activity of 
endocrine cells, PRL cells in leptocephali seem less 
active. This is supported by the face that the 
number of PRL cells, as well as the % PRL, was 
less in the leptocephalus in comparison with GH 
cells. 

The % PRL increased significantly in the glass 
eel compared with that in the leptocephalus, 
although PRL cells were still faintly stained when 
compared with those in the cultured eel in fresh 
water. In cultured eels, the % PRL was similar to 
that in glass eels. The increase in the % PRL is 
well timed to upstream migration of the glass eel. 
Increase in PRL cells prior to migration is also 
observed in mullet ( Mugil cephalus) [18, 19] and 
black sea bream [14]; they migrate from seawater 
to brackish water. In black sea bream migrating 
from offshore to inshore during the final phase of 
postflexion stage, Kimura and Tanaka [14] re- 
ported that PRL production was stimulated during 
the development from yolk-sac larva to juvenile, 
coinciding with their inshore migration. In our 
study, leptocephali were collected in the seawater 
(34.5%c), while glass eel were collected in the 
coastal water with a little lower salinity (30%c); the 
difference in environmental salinity is minor. 
Thus, the increase of PRL cells in the glass cel 
seems to be endogenously prepared in advance for 
freshwater adaptation or migration to the river. 

The % GH was consistently higher than the % 


Development of PRL and GH Cells in Eel 


1065 


PRL in all the leptocephali examined (Fig. 2), and 
the high level was maintained in glass eels. The 
abundance of GH cells implies their high cellular 
activity, and suggests that the importance of GH 
for larval growth and, possibly, osmoregulation in 
seawater. The % GH was further increased in the 
cultured eel, although they were in fresh water. 

The pituitary was distinguishable even in the 
smallest leptocephalus, and became morphologi- 
cally similar to the adult form of the gland in the 
glass eel. In the cultured eel, PRL cells typically 
formed follicular structures, the functional signi- 
ficance of which is unknown. During early de- 
velopmental stages from leptocephalus to glass eel, 
however, PRL cells existed only as clusters of cells 
without forming follicles, indicating that the 
formation of follicular structures occurs in a later 
stage, presumably around the period of migration 
to fresh water. 

In the present study, the activity of PRL cells 
seemed to be enhanced in the glass eel, just before 
upstream migration. On the other hand, GH cells 
remained rather active during all stages of the 
leptocephalus and glass eel. These findings are in 
consistent with the notion that PRL is responsible 
for freshwater adaptation, and GH for seawater 
adaptation as well as growth. However, further 
studies are required to understand the whole 
aspects of osmoregulatory control by PRL and GH 
during the early life stages of the eel. 
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